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[57] ABSTRACT 
A silver halide photographic material is disclosed 
which has at least one hydrophilic colloidal layer on a 
support, said photographic material having a water 
content of 10-20 g/m2 at the time when the washing 
step of processing with a roller transport type automatic 
processor is completed. 

15 Claims, 1 Drawing Sheet 
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SILVER HALIDE PHOTOGRAPHIC MATERIAL 
CONTAINING A SPECIFIED WATER CONTENT, 
AND METHOD OF PROCESSING THE SAME 

This application is a continuation, of application Ser. 
No. 07/025,196, ?led Mar. 12, 1987, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a silver halide photo 

graphic material and a method of processing it. The 
present invention is applicable to the production of 
rapidly processable light-sensitive materials and to their 
rapid processing. Therefore, the present invention ?nds 
utility in X-ray flm applications. 

2. Description of the Prior Art 
The consumption of silver halide photographic mate 

rials has been increasing in the past decade and, in order 
to meet the increased demand of consumers for devel 
oping and processing photographic ?lms, more rapid 
development and processing, or an increased capability 
of process ?lm within a given period of time, is greatly 
needed. This tendency is also found in areas where 
X-ray light-sensitive materials such as medical X-ray 
?lms are used. As it is recommended that periodical 
checkups should be strictly carried out, the number of 
medical tests currently being conducted is growing 
rapidly. On the other hand, more items are included 
these days in clinical testing in order to ensure more 
accurate diagnoses. Both of these factors have lead to 
an increase in the number of X-ray images to be taken. 
In addition, persons who have received check-ups want 
to know the results as soon as possible. In order to meet 
these demands in the medical ?eld, not only is it neces 
sary to automate diagnostic procedures (e.g. imaging 
and ?lm transport) but it is also required to process 
X-ray ?lms more rapidly. 
A common method of reducing the length of the 

processing time (consisting of development, ?xing, 
washing and drying steps) is to increase the ?lm trans 
port speed. However, if the roller speed is increased in 
an attempt at reducing the processing time required for 
processing with a roller transport type automatic pro 
cessor, several problems occur, such as (a) insuf?cient 
densities (ie, decreased sensitivity, contast and maxi 
mum density), (b) insuf?cient ?xing, (c) insuf?cient ?lm 
washing with water, and (d) insuf?cient ?lm drying. If 
?xing and washing are insuf?cient, the color of the 
processed ?lm will change during its storage to cause 
image deterioration. 
These problems could be solved by reducing the 

gelatin content but a ?lm having a lower gelatin content 
has a tendency to produce a grainy photographic image. 
In addition, if ?lms are rubbed against each other or 
against another object, the rubbed portion will produce 
a higher density than other areas if the ?lm is developed 
and this phenomenon is generally referred to as “abra 
sion blackening”. 

It is therefore required to realize very rapid process 
ing of photographic ?lms without causing any of the 
problems associated with increased roller speeds or 
decreased gelatin contents. The term “very rapid pro 
cessing” as used in this speci?cation means that the total 
period of time required for the ?lm to be transported 
from the point where its front end is inserted into an 
automatic processor and passes through a developer 
tank, a transit area, a ?xing tank, the next transit area, a 
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2 
washing tank, a further transit area, and a drying section 
to the point where it ?nally emerges from the last-men 
tioned section is within the range of from 20 to 60 sec 
onds. The total processing time (sec) may be obtained 
by dividing the total length (m) of processing line by the 
line transport speed (m/ sec). The time required for the 
?lm to pass through the three transit areas is included in 
the total processing time because, as is well known in 
the art, substantial processing is regarded to take place 
in each of these transit areas where the gelatin ?lm is 
also wetted with the'processing solution carried over 
from the previous step. 

Japanese Patent Publication No. 47045/ 1976 men 
tions the importance of gelatin content for the purpose 
of rapid processing but the total processing time includ 
ing passage through transit areas that is attained by this 
technique ranges from 60 to 120 seconds, which is 
longer than is desirable in a truly “very rapid” process 
ing. 
Another requirement that should be met by modern 

photographic materials is high sensitivity. For instance, 
in the wake of the rapid increasing frequency of medical 
X-ray testing conducted these days, not only those in 
the medical ?eld but also public opinion at large sees a 
strong need to reduce the total dose of X-rays to which 
a patient is exposed and thus the development of highly 
sensitive photographic materials which requires lower 
X-ray doses to produce images that have sharpness even 
in ?ne detail is desired. 
Many and various techniques are available for 

achieving sensitization, or providing an increased sensi 
tivity for a given grain size. If an appropriate sensitiza 
tion technique is employed, it will be possible to achieve 
a higher sensitivity with the grain size (hence the cover 
ing power) being maintained at the same level. Among 
the sensitization techniques reported so far are included: 
addition of a development accelerator such as a thioe 
ther to the emulsion; supersensitizing a spectrally sensi 
tized silver halide emulsion with an appropriate combi 
nation of dyes; and employing improved optical sensi 
tizers. However, these methods do not always provide 
the intended results when they are applied to high-sen 
sitivity silver halide photographic materials; that is, if 
silver halide emulsions intended to be used in high-sen 
sitivity silver halide photographic materials are treated 
by these methods, the materials are liable to experience 
fogging during storage. 

In the ?eld of medical X-ray photography, conven 
tionally used light-sensitive materials of the regular type 
having a spectral sensitivity up to 450 nm are being 
replaced by ortho-type materials which have been sub 
jected to orthochromatic sensitization so that they pos 
sess sensitivity up to a wavelength of 540-550 nm. 
These sensitized materials not only have an extended 
spectral sensitivity region but also display increased 
sensitivity and hence are effective for the purpose of 
minimizing potential hazards to human health by reduc 
ing the total dose of X-rays. Although dye sensitization 
is a very useful means of sensitization, many problems 
still remain unsolved; for instance, the sensitivity that 
can be attained is highly dependent on the type of spe 
ci?c photographic emulsion used. 

It is well known to incorporate indazoles or benzotri 
azoles in a developing solution as anti-foggants. These 
compounds have been used as anti-foggants both in 
black-and-white developers and in color developers. 
While the use of these compounds as anti-foggants is 
shown in many patent speci?cations, three are listed 
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here: US. Pat. No. 2,271,229 which describes the use of 
an indazole-based anti-foggant in both a black-and 
white developer and in a color developer; BP No. 
1,437,053 which discloses the use of an indazole in an 
X-ray developer as an anti-foggant; and US. Pat. No. 
4,172,728 which shows the use of an indazole in a 
graphic arts developer as an antifoggant. These inda 
zole and benzotriazole compounds are very effective 
anti-foggants, but they still have the disadvantage of 
causing a substantial drop in sensitivity. 

SUMMARY OF THE INVENTION 

An object, therefore, of the present invention is to 
provide a silver halide photographic material that can 
be processed at high speed, even at a very high speed 
which is rapid enough to reduce the total processing 
time to be within the range of 20-60 seconds, without 
experiencing any of the aforementioned problems of the 
prior art, and which affords high sensitivity and supe 
rior fogging and graininess characteristics, with the 
attendant advantage that the gelatin content of the pho 
tographic material can be reduced without causing 
“abrasion blackening” or desensitization when sub 
jected to pressure. 

Another object of the present invention is to provide 
a method that is suitable for processing said photo 
graphic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic drawing showing an automatic 
developing machine that can be used in the practice of 
the present invention; and 
FIG. 2 is a front view of the operating panel on the 

developing machine of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The ?rst object of the present invention can be at 
tained by a silver halide photographic material that has 
at least one hydrophilic colloidal layer on a support and 
which is designed to have a water content of 10-20 
g/m2 at the time when the washing step of processing 
with a roller transport type automatic processor is com 
pleted. 
While the water content of the silver halide photo 

graphic material of the present invention can be ad 
justed to lie within the above-speci?ed range by a vari 
ety of techniques, a typical method consists of adjusting 
the melting time of said photographic material to be 
within the range of 8-45 minutes while controlling the 
gelatin content of hydrophilic colloidal layers including 
light-sensitive silver halide emulsion layers to lie within 
the range of 2.00-3.50 g/m2. 
The water content, as de?ned above, of the photo 

graphic material of the present invention is preferably 
within the range of 11-18 g/m2, more preferably from 
12 to 16 g/m2. ' 
While the photographic material preferably has a 

melting time of 8-45 minutes, the range of 12-40 min 
utes is more preferable and the range of 15-30 minutes 
is most preferable. 
The desired melting time may be attained by adjust 

ment with a suitable hardening agent. To this end, any 
known hardening agents may be employed either singly 
or in admixture. Usable hardening agents are exempli 
?ed below: chromium salts such as chrome alum and 
chromium acetate; aldehydes such as formaldehyde, 
glyoxal and glutaraldehyde; N-methylol compounds 

10 

25 

30 

35 

45 

4 
such as dimethylolurea and methylol dirnethylhydan 
toin; dioxane derivatives such as 2,3-dihydroxydioxane; 
activated vinyl compounds such as 1,3,5-triacryloylhex 
ahydro-Z-triazine and 1,3-vinylsulfonyl-2-propanol; ac 
tivated halide compounds such as 2,4-dichloro-6 
hydroxy-3-triazine; and mucohalogenic acids such as 
mucochloric acid and mucophenoxychloric acid. 

Preferably used hardening agents are aldehyde com 
pounds such as formaldehyde and glyoxal, S-triazine 
compounds such as 2-hydroxy-4,é-dichlorotriazine so 
dium salt, and vinyl sulfonic acid compounds. 
The amount of hardening agent used will vary if it is 

used together with a hardening accelerator or a harden 
ing inhibitor. A preferable range is from l>< 10-6 to 
1X 10*2 mole per gram of gelatin, with the range of 
5X10"5 to 5><l0-3 moles per gram of gelatin being 
more preferable. 

Typical examples of the hardening agent that can be 
used in the present invention are listed below but it~ 
should be understood that the scope of the present in 
vention is by no means limited by these speci?c exam 
ples. 

Typical hardening agents: 
HCHO 

(969 @6 
I 

onc-ecnm-cno 

ClCI-IZCONHCOCI-IZCl 

ClCHZCOOCI-IZCHZOOCCHZCl 

CHZNHSOZ-Q- CHZCl 
CH3COCl 

@@® 6) 

CH3COCHZC 

l? 
SOZF NHCCI-IgCl 
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~continued 
T ical hardenin a ents: 

c1 N c1 

Y’ Y 
N N 

OH 
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01 N NH NH N c1 
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N Y N 5931-1 N \ N 

NH NH 
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6 
-continued 

Typical hardening agents: 
CHZOH CH3 
I / 

0: CH3 

CRT-CH2 CH3 

CH3I 

CH3 

@ 
CH= 
I I 

The second object of the present invention is 
achieved by a method of processing a silver halide pho 
tographic material having at least one hydrophilic col 
loidal layer on a support, said method being so designed 
that the water content of the photographic material will 
lie in the range of 10-20 g/m2 at the time when a wash 
ing step of processing with a roller transport type auto 
matic processor is completed. 

In a preferred embodiment, the photographic mate 
rial of the present invention is processed with a devel 
oping solution that contains a compound of the follow 
ing general formula (IA) and/or a compound of the 
following general formula (IIA): 

R, PII (IA) 

R3 N \ N/Rl 

l 
R4 

R5 

H (11A) 

R3 N\ 
N 

// 
R4 N 

where R1, R2, R3, R4 and R5 each signi?es a hydrogen 
atom, a lower alkyl group, an alkoxy group, a carboxy 
group, an alkoxycarbonyl group, a sulfo group, a halo 
gen atom, an amino group or 2. nitro group, each of 
these groups optionally having one or more substitu 
ents. 

Typical examples of the compound of formula (IA) 
are listed below but it should be understood that the 
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scope of the present invention is by no means limited by 
these examples. 

Illustrative compounds of (IA): 

S-nitroindazole 
S-aminoindazole 
5-p-toluensulfonamid-indazole 
S-chloroindazole 
5-benzoylacetarnino-indazole 
5-cyanoindazole 
5-p-nitrobenzoylamino-indazole 

1-8: l-methyl-S-nitro-indazole 
1-9: 6-nitroindazole 
I-lO: 3-methyl-5-nitro-indazole, and 
1-11: 4-chloro-5-nitro-indazole. . 

Among these compounds of formula (IA), nitroin 
dazoles are preferable for use in the developing solution 
employed in the present invention, and S-nitroindazole 
having the following structural formula is particularly 
preferable: 

I- 1: 
1-2: 
1-3: 
1-4: 
1-5: 
1-6: 
1-7: 

z-m 
2 

N02 

Typical examples of the compound of formula (IIA) 
are listed below but it should be understood that the 
scope of the present invention is by no means limited by 
these examples. 

Illustrative compounds of 111A): 
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H (II- 1) ~ 
N 
\ 

' N 

// 
NaO3S N 

H (II-2) 
N 
\ 
N 

// 
OZN N 

H (II-3) 
Cl N 

\ 
N 

// 
HOOC N 

H (II-4) 
H3CO N 

\ 
N 

// 
HOOC N 

H (II-5) 
N 
\ 
N 

// 
Br N 

(II-6) 

65 
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-continued 

Illustrative compounds of QIIA): 
H (II-7) 

Cl N 
\ 
N 

// 
OZN 

H (II-8) 
H5C2 N 

\ 
N 

// 
OZN N 

_ H (II-9) 
N 
\ 
N 

// 
H3COOC N 

H (II-l0) 
Cl N 

\ 
N 

// 
H035 N 

H (II-11) 

The method of the present invention is adapted to 
very rapid processing of silver halide photographic 
materials, and is preferably embodied in processing with 
an automatic processor that is completed within a total 
period of 20-60 seconds. 

In one preferred embodiment of the present inven 
tion, the hydrophilic‘ colloidal layers on the side of a 
support" which has light-sensitive silver halide emulsion 
layers has a gelatin content of 2.00-3.50 g/mZ, prefera 
bly 2.40-3.30 g/m2, more preferably 2.50-3.15 g/m2, 
inclusive of the gelatin in the silver halide emulsion 
layers. If the gelatin content is within this range, fewer 
coating troubles will occur than when the gelatin con 
tent is less than 2.002, and better drying properties are 
attained than when the gelatin content is larger than 
3.10 g/mz. More preferably, the gelatin content is 
within the range of 2.40-2.90 g/mz, with the range of 
2.50-2.80 g/m2 being most preferable. In accordance 
with the preferred embodiment described above, char 
acteristics such as sensitivity and resistance to yellow 
staining can be further improved. 

In another preferred embodiment of the present in 
vention, the silver halide grains used in a silver halide 
emulsion layer have an average size of 0.30-1.20 mm, 
more preferably 0.40-1.00 um, with the range of 
0.40—0.80 pm being most preferred. 
The size of silver halide grains is expressed by the 

length of one side of an equivalent cube that has the 
same volume as that of an individual grain, and the 
average grain size is the arithmetic mean of the sizes of 
the grains of interest. 

In the present invention, silver halide emulsion layers 
are coated in a wet thickness which preferably ranges 
from 35 to 85 pm, more preferably from 40 to 75 pm, 
with the range of 45-70 pm being most preferable. If the 
wet thickness is excessive, the drying load is increased 
and it sometimes becomes necessary to make certain 
provisions to cope with an increase in the quantity of 
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heat required for drying or the decrease in coating 
speed, which eventually leads to a higher cost and a 
lower production rate. If the wet thickness is unduly 
small, it may become dif?cult to achieve uniform and 
trouble-free coating. 

If two or more coating solutions are applied simulta 
neously onto a support, the wet thickness as defined in 
this speci?cation means the total thickness (pm) of the 
coated layers in a wet state that form immediately after 
the application of those coating solutions (i.e., before 
the coating begins to dry). If only one layer is applied at 
a time, the wet thickness corresponds to that of a single 
layer in a wet state that forms immediately after the 
application of that layer. The wet thickness (pm) as 
de?ned above may be determined by the following 
equation: 

Wet thickness (pm) = [total supply of coating solutions 
(L/min) X 1,000]/ [coating speed (m/min) >< coating width (m)]. 

If coating is performed in more than one stage (ie, 
each subsequent coating is done after the previous coat 
ing has dried), the wet thickness as de?ned hereinabove 
means the thickness of the coating solution applied in 
each stage. 

Still another preferred embodiment of the present 
invention relates to the case where two or more hydro 
philic colloidal layers are present on the side of a sup 
port which has light-sensitive silver halide emulsion 
layers; in this embodiment, the coating solution that will 
form the topmost layer is preferably applied in such a 
manner that it has a surface tension at least 6 dynes/ cm 
smaller than that of the coating solution which will 
form a layer that is adjacent said topmost layer. The 
difference in surface tension between the two coating 
solutions is more preferably at least 8 dynes/cm, with 10 
dynes/cm or larger being most preferred. 

In order to attain the necessary difference in surface 
tension, at least one surfactant may be incorporated in 
the coating solution which is used to form the topmost 
hydrophilic colloidal layer. The coating solution for 
forming a layer adjacent this topmost layer may or may 
not contain a surfactant, and if a surfactant is used, it 
may be the same as or different from the one that is 
incorporated in the coating solution used to form the 
topmost layer. 

Useful surfactants include: nonionic surfactants such 
as saponin (steroid), alkylene oxide derivatives, glycidol 
derivatives, aliphatic acid esters of polyhydric alcohols, 
and alkyl esters of sugars; anionic surfactants containing 
acidic groups such 'as carboxy, sulfo, phospho, sulfate 
ester, and phosphate ester groups; amphoteric surfac 
tants such as amino acids, aminoalkylsulfonic acids, 
aminoalkylsulfuric or phosphoric acid esters, alkyl 
betaines, and amine oxides; cationic surfactants such as 
alkylamine salts, aliphatic or aromatic quaternary am 
monium salts, heterocyclic quaternary ammonium salts 
such as pyridinium and imidazolium, and aliphatic or 
heterocyclic phosphonium or sulfonium salts; as well as 
?uorine-containing surfactants which 'may optionally 
contain a polyoxyethylene group. 
The silver halide grains used in light-sensitive silver 

halide emulsion layers in the photographic material of 
the present invention may have any desired grain size 
distribution. These silver halide grains may be monodis 
persed in that 95% of the grains are within 60%, prefer 
ably 40%, of the number average grain size. 
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10 
The silver halide grains present in light-sensitive sil‘ 

ver halide emulsion layers are preferably such that at 
least 80% by weight or number of the silver halide 
grains concerned have a regular structure or shape. 
Silver halide grains having a regular structure or shape 
are those which grow isotropically without producing 
any anisotropically growing surfaces such as twinned 
faces; such silver halide grains have cubic, tetradecahe 
dral, octahedral, dodecahedral or other regular crystal 
lographic forms. Processes for preparing such regular 
silver halide grains may be found in, for example, J. 
Phot. Sci., 5, 332 (1961), Ber. Bunsenges. Phys. Chem., 
67, 949 (1963), and Intern. Congress Phot. Sic., Tokyo, 
1967. 

In the practice of the present invention, two or more 
separately prepared silver halide emulsions may be used 
in admixture. 
The silver halide grains or silver halide emulsions 

used in the present invention preferably contain at least 
one soluble salt selected from among the salts of irid 
ium, thallium, palladium, rhodium, zinc, cobalt, ura 
nium, thorium, strontium, tungsten, and platinum. The 
content of these soluble salts is preferably within the 
range of l0—6 to lO—1 mole per mole of silver halide. It 
is particularly preferable that at least one of the salts of 
thallium, palladium and iridium is contained in the silver 
halide grains or emulsions. These salts may be used 
either singly or in admixture and they may be added at 
any state of preparation. By using these soluble salts, 
improvement will be achieved in terms of various char 
acteristics such as flash exposure characteristics, resis 
tance to desensitization under pressure, resistance to 
fading of latent images under exposure to light, and 
sensitization. 

In the practice of the present invention, silver halide 
emulsions may be composed of any silver halide that is 
employed in ordinary silver halide emulsions, such as 
silver bromide, silver iodobromide, silver iodochloride, 
silver chlorobromide, and silver chloride. The light-sen 
sitive silver halide emulsion layer contains silver iodide 
in an amount of at least 10 mole %. 
The silver halide grains in the silver halide emulsions 

used in the present invention may be prepared by any 
known method such as the acid process, neutral process 
and ammoniacal process. The grains may be allowed to 
grow in one step, or they may be obtained by growth of 
seed grains. The method of preparing seed grains may 
be the same as or different from the one used to achieve 
their growth. 

In preparing a silver halide emulsion, halide ions and 
silver ions may be mixed by simultaneous addition, or 
either halide or silver ions may be added to a solution 
containing the other ions. Alternatively, halide ions and 
silver ions may be added simultaneously into a reactor 
in stages, with the pH and pAg being controlled in 
consideration of the critical growth rate of silver halide 
crystals. By employing this method, silver halide grains 
that have a regular crystallographic shape and a sub 
stantially uniform grain size can be obtained. After their 
growth, the silver halide grains may be converted to 
have a desired halide composition. 

It is particularly preferable that the pAg of the silver 
halide grains being prepared is adjusted to 9.7 or higher 
in the latter stage of their preparation; that is, when at 
least half the amount of silver to be prepared has formed 
or precipitated, the pAg is allowed to change momen 
tarily or gradually such that it will be at least 9.7 at the 
time the preparation is completed. It is more preferable 
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that when the amount of silver that has formed or pre 
cipitated is within the range of from two thirds to nine 
tenths of the amount to be prepared, the pAg is allowed 
to change gradually such that it will be at least 9.7 at the 
time when the preparation is completed. 
The silver halide grains used in the present invention 

may constitute any proportion of the emulsion layer in 
which they are present; preferably, they are present in 
an amount of at least 40% of the silver in the total silver 
halide grains, with the value of at least 90% being par 
ticularly preferable. 
The silver halide emulsion used in the present inven 

tion may optionally be prepared in the presence of a 
silver halide solvent that is effective in controlling the 
size, shape, size distribution and growth rate of the 
silver halide grains being formed. 

Suitable silver halide solvents include ammonia, thio 
ether, thiourea, thiourea derivatives such as four-sub 
stituted thiourea and imidazole derivatives For thioe 
ther, reference may be had to U.S. Pat. Nos. 3,271,157, 
3,790,387 and 3,574,628. Silver halide solvents other 
than ammonia are preferably used in amounts ranging 
from 10‘3 to 1.0 wt %, more preferably from 10'2 to 
10-1 wt %, of the reaction solution. The ammonia used 
as a silver halide solvent may have any concentration. 

20 

25 
During the formation and/or growth of the silver I 

halide grains for use in the silver halide emulsion used in 
the present invention, metal ions may be added in the 
form of at least one salt selected from among a cadmium 
salt, a zinc salt, a thallium salt, an iridium salt (or a 
complex salt containing the same), a rhodium salt (or a 
complex salt containing the same), and an iron salt (or a 
complex salt containing the same), so that one or more 
of these metal elements are incorporated in the interior 
of the grains and/ or deposited on their surfaces. Alter 
natively, reduction sensitized nuclei may be imparted to 
the interior and/ or onto the surfaces of grains by plac 
ing them in an appropriate reducing atmosphere. 

After completion of the growth of silver halide 
grains, the silver halide emulsion used in the present 
invention may be freed of any unwanted soluble salts; if 
desired, such soluble salts may be left unremoved from 
the emulsion. Removal of unwanted salts may be 
achieved by employing the method described in Re 
search Disclosure No. 17643. 
The silver halide grains in the silver halide emulsion 

used in the present invention may have a uniform distri~ 
bution of silver halide composition throughout the inte 
rior of the grain; alternatively, they may be of the 
core/shell type with different silver halide composi 
tions on the interior and the surface of their grains. 

If the silver halide grains used in the present inven 
tion have internal nuclei that are formed of silver iodo 
bromide, they preferably have a homogeneous solid 
solution phase. The term “homogeneous” may be speci 
?ed as follows in accordance with the de?nition set 
forth in Japanese Patent Application (OPI) No. 
110926/ 1981 (the symbol OPI as used hereinafter shall 
mean an unexamined published Japanese patent applica 
tion): when a powder of silver halide grains is subjected 
to X-ray diffractiometry with Cu-KB X rays, the peak 
of the Miller indices [200] for a plane of silver iodobro 
mide crystal has a half-value width (A20) of no greater 
than 0.30 degrees. The operating conditions of the dif 
fractometer employed may be expressed as cor/'y-<_- 10, 
where m is the scanning speed (deg/min) of a goniome 
ter, r is the time constant (sec), and Y is the width (mm) 
of a receiving slit. 
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The“ iodine content of the internal nuclei and coating 

layers of silver halide grains may be determined by, for 
example, the method described in J. I. Goldstein and D. 
B. Williams, “X-ray analysis in TEM/ATEM”, Scan 
ning Electron Microscopy, l, 651, published by IIT 
Research Institute, Mar. 1977. 
A silver halide emulsion that may be used in the prac 

tice of the present invention may contain silver halide 
grains each consisting of an internal nucleus formed of 
silver bromide or silver iodobromide, a ?rst coating 
layer of silver iodobromide that is formed around the 
nucleus, and a second coating layer of silver bromide or 
silver iodobromide that is formed around the ?rst coat 
ing layer, the iodine content of said ?rst coating layer 
being at least 10 mol % larger than that of the internal 
nucleus, and the silver in the ?rst coating layer assum 
ing 0.01-30 mol % of the total silver. In this case, the 
silver halide grains may be negative-working, with the 
surface sensitivity being equal to or higher than the 
internal sensitivity, preferably at least twice the latter. 
The silver halide grains may be such that the ratio of the 
size of their projected area to thickness is less than 5. 
The size of projected area means the diameter of an 
equivalent circle having the same area as the projected 
area of a given grain, and the thickness means the length 
of the shortest path through the center of gravity of that 
grain. 

If the silver halide grains used in the present inven 
tion consist of the internal nucleus, the ?rst coating 
layer and the second coating layer de?ned above, these 
components preferably have the following characteris 
tics: the internal nucleus preferably has an average io 
dine content of no more than 10 mol %, preferably 0-5 
mol %, with the range of 0-3 mol % being particularly 
preferable; the silver in the internal nucleus preferably 
assumes at least 1.0 mol % of the total silver; the ?rst 
coating layer has a silver iodide content which is at least 
10 mol % higher than that of the internal nucleus, with 
the difference being preferably at least 20 mol % and 
more preferably at least 25 mol %; the silver in the ?rst 
coating layer preferably assumes 0.1-25 mol %, more 
preferably 1.0-15 mol %, and most preferably 3.0-l0.0 
mol %, of the total silver. ' 

If the internal nucleus and/or the ?rst coating layer 
and/or the second coating layer is formed of silver 
iodobromide, they need not necessarily be homogene 
ous in composition but homogeneity of the silver iodo 
bromide is preferable. The term “homogeneity” as used 
hereinabove may be speci?ed as follows: when a pow 
der of silver halide grains is subjected to X-ray diffracti 
ometry with Cu-KB X rays, the peak of the Miller indi 
ces [200] for a plane of silver iodobromide crystal has a 
half-value width (A26) of no greater than 0.30 degrees. 
The operating conditions of the diffractometer meter 
used may be expressed as wr/yélO, where (x) is the 
scanning speed (deg/min) of a goniometer, r is the time 
constant (sec), and 7(mm) is the width of a receiving 
slit. 

In order to provide suf?cient coverage of the ?rst 
coating layer, the second coating layer preferably has 
an average thickness of at least 0.02 pm, more prefera 
bly has a silver iodine content of 0-lO mol %. 
The silver halide grains described above may consti 

tute any proportion of the emulsion layer in which they 
are present; preferably, they are present in an amount of 
at 40% of the silver in the total silver halide grains, with 
a value of at least 90% being particularly preferable. 
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The internal nuclei of the silver halide grains de 
scribed above may be prepared by various methods 
such as those described in P. Glafkides, Chimie et Phy 
sique Photographique, Paul Montel, 1967; G. F. Duf?n, 
Photographic Emulsion Chemistry, The Focal Press, 
1966; and V. L. Zelikman and S. M. Levi, Making and 
Coating Photographic Emulsions, the Focal Press, 
1964. The acid process, the neutral process or the am 
moniacal process may be employed as required. Soluble 
silver salts may be reacted with soluble halide salts by 
various methods such as the single-jet method, the dou 
ble-jet method, and combinations thereof. The “reverse 
mixing method” wherein grains are formed in the pres 
ence of excess silver ions may also be employed. ‘One 
version of the double-jet method is the controlled dou 

~ ble-jet method wherein a silver halide is formed with 
the pAg of a liquid phase medium held constant. By 
employing this method, a silver halide emulsion com 
prising grains having a regular crystallographic shape 
and a uniform grain size can be attained. 
Two or more separately prepared silver halide emul 

sions may be used in admixture. 
The formation or physical ripening of the internal 

nuclei of silver halide grains may be effected in the 
presence of a cadmium salt, a zinc salt, a lead salt, a 
thallium salt, an iridium salt or a complex salt thereof, a 
rhodium salt or a complex salt thereof, or an iron salt or 
a complex iron salt. 
The internal nuclei thus formed may be provided 

with the ?rst coating layer by routine methods such as 
halogen substitution and coating of an additional silver 
halide. Halogen substitution may be accomplished by 
adding an aqueous solution of an iodide into the reactor 
where the internal nuclei have formed. For further 
information on this method, see US. Pat. Nos. 
2,592,250, 4,075,020, Japanese Patent Application (OPI) 
No. 127549/ 1980, etc. Coating of an additional silver 
halide over the internal nuclei may be accomplished by 
simultaneous addition of an aqueous solution of a halide 
and an aqueous solution of silver nitrate. For further 
information on this method, see Japanese Patent Appli 
cation (OPI) No. 22408/ 1978, Japanese Patent Publica 
tion No. 13162/1968, J. Proto, Sci., 24, 198 (1976). 

After the ?rst coating layer has been formed on the 
surface of internal nuclei, the second coating layer may 
be formed on the ?rst layer by halogen substitution, 
coating of an additional silver halide, or any of the 
methods that are employed to form the ?rst coating 
layer. 

In preparing the silver halide grains for use in the 
present invention, any unwanted soluble salts may be 
removed from the emulsion in which the second coat 
ing layer has been formed by precipitation or ripened 
physically and, if required, from the emulision in which 
internal nuclei or the ?rst coating layer has been 
formed. For this purpose, noodle washing or ?occula 
tion washing may be employed; in noodle washing, 
additional gelatin is added to the emulsion, which will 
solidify into a jelly upon cooling can can be washed in 
the form of noodles; in flocculation washing, inorganic 
salts, anionic surfactants, anionic polymers (e.g. poly 
styrene sulfonic acid), or gelatin derivatives (e.g. acyl 
ated gelatin and carbamoylated gelatin) are used as 
flocculating agents. 
The silver halide grains used in a silver halide emul 

sion may be of the surface image type which forms a 
latent image predominatntly on the grain surface or of 
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14 
the internal image type which forms a latent image 
predominantly in the interior of the grain. 
The silver halide grains used in the present invention 

may have regular cyrstallographic shapes such as a 
cube, octahedron and a tetradecahedron; alternatively, 
they may have anomalous shapes such as being spheri 
cal or tabular. These grains may have {100} and {ll 1} 
faces in any proportion. The grains may have a combi 
nation of these crystallographic shapes, or they may be 
a mixture of grains having various crystallographic 
shapes. Preferably, the silver halide emulsion that is 
used in the practice of the present invention contains 
silver halide grains at least the surface of which has 
{110} crystal faces that are substantially composed of 
silver bromide or silver iodobromide. Such a preferably 
silver halide emulsion can be prepared by a conven 
tional method of producing a silver halide emulsion 
wherein the surfaces of silver halide grains are substan 
tially formed of silver bromide or silver iodobromide, 
the only modi?cation being such that silver halide 
grains are formed within a aqueous medium that con 
tains both a hydrophilic protective colloid and a com 
pound that promotes the development of {110} crystal 
faces. For instances, by allowing grains to form in the 
presence of l-phenyl-S-mercaptotetrazole which is con 
ventionally used to stop the growth of silver halide 
grains, the development of {110} crystal planes is ap 
preciably promoted to thereby produce a photographic 
emulsion that contains {110} faced silver bromide or 
silver iodobromide grains. 

Mercaptoazoles are preferably used as crystal control 
compounds, and mercaptotetrazoles and mercapto 
thiadiazoles are particularly preferable. These crystal 
control compounds may be added at any stage prior to 
the completion of formation of silver halide grains (or 
prior to the completion of Ostwald ripening). The per 
iod of grain formation consists of two stages, one de 
?ned by the start of addition of silver and halide ions 
and by the time when the formation of additional nuclei 
is substantially ?nished (this stage may be referred to as 
the period of nucleation) and the one which follows the 
period of nucleation and during which grains continue 
to grow with the formation of additional nuclei being 
substantially absent (this stage may be referred to as the 
period of grain growth). The crystal control com 
pounds are preferably added during the growth of silver 
halide grains. The formation of an excessive number of 
?ne grains can be prevented most effectively by adding 
crystal control compounds after the completion of nu 
cleation and prior to the completion of grain growth. 
On the other hand, fine silver halide grains can effec 
tively be produced by using the crystal control com 
pounds either during or before the period of nucleation. 
The crystal control compounds may be charged into 

the reactor before the start of silver halide grain prepa 
ration; alternatively, they may be added after crystal 
precipitation has begun. In the latter case, they may be 
added either alone or as a solution in a solvent such as 
water or an organic solvent (e.g. methanol or ethanol). 
The crystal control compounds may be charged into 

the reactor either alone or together with a silver supply 
solution (e.g. an aqueous solution of silver nitrate) or as 
a halide supply solution (e.g. an aqueous solution of a 
halide). 
The crystal control compounds may be added either 

continuously or intermittently. Effective control of 
crystallographic surfaces can be achieved if the amount 
of crystal control compounds added is increased (as by 
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increasing the amount or concentration of the solution 
in which they are present) as the surface area of silver 
halide grains is increased. 
The proportion of the crystallographic surfaces of 

silver halide grains taken by {110} faces can be readily 
modi?ed by changing the amount of crystal control 
compounds added. For instance, the proportion of 
{110} faces will increase as an increased amount of 
crystal control compound is added and it reaches a 
maximum level within the range of addition to be speci 
fied below. If this range is exceeded, the ratio of {100} 
planes to {110} planes will increase 
While the amount of crystal control compound added 

will vary with factors such as the type of compound 
used, the conditions of emulsion preparation, its halide 
composition and the grain size, a preferable range is 
from 5 X 10*5 to 5 ><10*2 moles per mole of silver hal 
ide. A more preferable range is from 1X l0~4 to 
1X 10—2 moles per mole of silver halide, with the range 
of 3 X 10'4 to 6><10-3 moles being most preferred. 
As already mentioned, the silver halide grains suit 

able for use in the present invention have {110} crystal 
lographic faces, and at least 20% of the total surface 
area of the grains is preferably covered with {110} 
faces. It is particularly preferable that at least 80% of 
the total surface area of the grains is covered with {110} 
faces. The presence and proportion of such {110} faces 
may be checked by observation under an electron mi 
croscope or by dye adsorption. 
The silver halide emulsion used in the present inven 

tion preferably contains at least 30 wt %, more prefera 
bly at least 50 wt %, of silver halide grains having the 
above-de?ned proportion of {110} surfaces. 

The, silver halide grains used in the present invention 
generally have an average grain size (the grain size 
being expressed as the diameter of an equivalent circle 
having the same area as the projected area of a grain) of 
no more than 5 pm, and the range of 0.1-5 pm is prefer 
able, with the range of 0.4—2 um being more preferable. 
The silver halide emulsion used in the present inven 

tion may have any grain size distribution. It may be a 
polydispersed emulsion having a broad size distribution 
or it may consist of one or more monodispersed emul 
sions having a narrow size distribution. The term 
“monodispersed emulsion” as used herein means such 
an emulsion that the standard deviation of grain size 
distribution as divided by the average grain size is no 
more than 0.20. The grain size refers to the diameter of 
a silver halide grain if it is spherical, or to the diameter 
of an equivalent circle having the same area as that of 
the projected image of a non-spherical grain. A polydis 
persed emulsion may be used in admixture with a mono 
dispersed emulsion. 
The silver halide emulsion used in the present inven 

tion may be a mixture of two or more separately pre 
pared silver halide emulsions. 
The silver halide emulsion used in the present inven 

tion may be optically sensitized for a desired wave 
length region using any of the dyes that are commonly 
known as sensitizing dyes in the photographic industry. 
Sensitizing dyes may be used either independently or in 
combination with themselves. Together with sensitizing 
dyes, dyes that do not themselves have any spectral 
sensitizing action or compounds that are substantially 
incapable of absorbing visible light and which will en 
hance the sensitizing action of sensitizing dyes may be 
contained in the emulsion. - 

20 

25 

30 

40 

45 

60 

65 

16 
Useful sensitizing dyes include cyanine dyes, merocy 

anine dyes, complex cyanine dyes, complex merocya 
nine dyes, holopolar cyanine dyes, hcmicyanine dyes, 
styryl dyes and hemioxanole dyes. Particularly useful 
sensitizing dyes are cyanine dyes, merocyanine dyes 
and complex merocyanine dyes. These dyes may con 
tain any of the basic heterocyclic nuclei that are com 
monly employed in cyanine dyes; they include pyrro 
line, oxazoline, thiazoline, pyrrole, oxazole, thiazole, 
selenazole, imidazole, tetrazole, and pyridine nuclei, as 
well as those to which an alicyclic hydrocarbon ring is 
fused; those to which an aromatic hydrocarbon ring is 
fused as in the case of indolenine, benzindolenine, in 
dole, benzoxazole, naphthoxazole, benzothiazole, naph 
thothiazole, benzoselenazole, benzimidazole, and quino 
line nuclei. These nuclei may be substituted on carbon 
atoms. 
Merocyanine or complex merocyanine dyes may 

contain nuclei having a ketomethylene structure, such 
as pyrazolin-S-one, thiohydantoin, 2-thioxazolidin-2,4 
dione, thiazolidin-2,4-dione, rhodanine, thiobarbituric 
acid, and other 5- or 6-membered heterocyclic nuclei. 

Illustrative sensitizing dyes that are useful in blue-sen 
sitive silver halide emulsion layers are described in West 
German Pat. Nos. 929,080, US. Pat. No. 2,231,658, 
2,493,748, 2,503,776, 2,519,001, 2,912,329, 3,656,959, 
3,672,897, 3,694,217, 4,025,349, 4,046,572, British Patent 
No. 1,242,588, and Japanese Patent Publication Nos. 
14030/ 1969 and 24844/ 1977. Typical sensitizing dyes 
that are useful in green-sensitive silver halide emulsions 
include cyanine, merocyanine or complex cyanine dyes 
of the types described in US. Pat. Nos. 1,939,201, 
2,072,908, 2,739,149, 2,945,763, and British Patent No. 
505,979. Typical sensitizing dyes that are useful in red 
sensitive silver halide emulsions include cyanine, mero 
cyanine or complex cyanine dyes of the types described 
in US. , Pat. No. 2,269,234, 2,270,378, 2,442,710, 
2,454,629, and 2,776,280. Other examples of useful sensi 
tizing dyes in green- or red-sensitive silver halide emul 
sions are cyanine, merocyanine or complex cyanine 
dyes of the types described in US. Pat. Nos. 2,213,995, 
2,493,748, 2,519,001, and West German Patent No. 
929,080. 
The above-mentioned sensitizing dyes may be used 

either singly or in combination. Sensitizing dyes are 
often used in combination for the purpose of super-sen 
sitization, as typically shown in Japanese Patent Publi 
cation Nos. 4932/1968, 4933/1968, 4936/1968, 
32753/1969, 25831/1970, 26474/1970, 11627/1971, 
18107/1971, 8741/1972, 11114/1972, 25379/1972, 
37443/1972, 28293/1973, 38406/1973, 38407/1973, 
38408/1973, 41203/1973, 41204/1973, 6207/1974, 
40662/1975, 12375/1978, 34535/1979 and 1569/1980; 
Japanese Patent Application (OPI) Nos. 33220/ 1975, 
33828/1975, 38526/1975, 107127/1976, 115820/1976, 
135528/1976, 151527/1976, 23931/1977, 51932/1977, 
104916/1977, 104917/1977, 109925/1977, 110618/1977, 
80118/1979, 25728/1981, 1483/1982, 10753/1983, 
91445/1983, 153926/1983, 114533/1984, 116645/1984, 
and 116647/ 1984; US. Pat. Nos. 2,688,545, 2,977,229, 
3,397,060, 3,506,443, 3,578,447, 3,672,898, 3,679,428, 
3,769,301, 3,814,609, and 3,837,862. 

Sensitizing dyes may be used together with dyes that 
do not themselves exhibit a spectral sensitizing activity 
or substances that are substantially incapable of absorb 
ing visible light but which achieve supersensitization, 
and these dyes or substances include the condensation 
products of aromatic organic acids and formaldehyde 
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(as shown in US. Pat. No. 3,437,510), cadmium salts, 
azaindene compounds, and aminostilbene compounds 
(as shown in US. Pat. Nos. 2,933,390 and 3,635,721). 
The combinations described in US. Pat. No. 3,615,613, 
3,615,641, 3,617,295 and 3,635,721 are particularly use 
ful. 
The present invention is preferably applied with 

chemically sensitized silver halide grains. Chemical 
sensitization of silver halide grains may be achieved by 
the methods described in Die Grundlagen der Photo 
graphischen Prozesse mit Silberhalogeniden, ed. by H. 
Frieser, Akademische Veragaesellschaft, 1968, pp. 
675-734. 
According one preferred embodiment of the present 

invention, at least one sensitizing dye selected from the 
group of compounds of the following general formulas 
(I), (II) and (III) is incorporated in the light-sensitive 
silver halide emulsion layer already de?ned. Any one of 
these compounds achieves orthochromatic sensitization 
and, hence, is effective in attaining further improvement 
in resistance to pressure desensitization and abrasion 
blackening. The regular type emulsion employs large 
grains for providing the “toe” region in a sensitometric 
curve where high sensitivity is required and such large 
grains are rather susceptible to pressure desensitization 
and abrasion blackening. On the other hand, ortho type 
emulsions are possessed of the high sensitivity achieved 
by dye sensitization and the silver halide grains used in 
these emulsions can be made smaller in size. As a result, 
further improvement is achieved in resistance to pres 
sure desensitization and abrasion blackening. 
The general formulas (I) to (III) are shown below: 
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where X1-»X2— X3“ are each an anion, Z1 and Z2 each 
signi?es the group of nonmetal atoms necessary to com 
plete a substituted or unsubstituted carbon ring, 11 is l or 
2, provided that n=l when an intramolecular salt is 
formed. 

In formula (I), R1, R2 and R3 are each a substituted or 
unsubstituted alkyl, alkenyl or aryl group, provided that 
at least one of R1 and R3 is a sulfoalkyl or carboxyalkyl 
group. 

In formula (II), R4 and R5 are the same as R1 and R3, 
and R6 is a hydrogen atom, a lower alkyl group or an 
aryl group. 

In formula (III), R7 and R9 are each a substituted or 
unsubstituted lower alkyl group, and R8 and R10 are 
each a lower alkyl group, a hydroxyalkyl group, a sulfo 
alkyl group or a carboxyalkyl group. 

In a preferred embodiment of the present invention, 
at least one of the compounds of formulas (I) to (III) is 
used to effect color sensitization. 
The compounds of formulas (I) to (III) are hereunder 

described in further detail. 
In the case where R1, R2 and R3 in formula (I) each 

denotes a substituted or unsubstituted alkyl group, spe 
ci?c examples are lower alkyl groups such as methyl, 
ethyl, n-propyl and butyl. An example of the substituted 
alkyl group is vinylmethyl. Illustrative hydroxyalkyl 
groups are 2-hydroxyethyl and 4-hydroxybutyl; illustra 
tive acetoxyalkyl groups are 2-acetoxyethyl and 3 
acetoxybutyl; illustrative carboxyalkyl groups are 2 
carboxyethyl, 3-carboxypropyl, and 2-(2-carboxyethox 
y)ethyl; and illustrative sulfoalkyl groups include 2-sul 
foethyl, 3-sulfopropyl, 3-sulfobutyl, 4-sulfobutyl, and 
2-hydroxy-3-sulfopropyl. In the case where R1, R2 and 
R3 denote an alkenyl group, speci?c examples are allyl, 
butinyl, octenyl and oleyl. In the case where R1, R3 and 
R3 signify an aryl group, speci?c examples are phenyl 
and carboxyphenyl. As already mentioned, however, at 
least one of R1, R2 and R3 is a sulfoalkyl or carboxyalkyl 
group. 
Examples of anion represented by X1— in formula (I) 

include chloride, bromide, iodide, thiocyanate, sulfate, 
perchlorate, p-toluenesulfonate and ethyl sulfate ions. 

Typical examples of the compound of formula (I) are 
speci?cally listed below but it should be understood 
that the scope of the present invention is by no means 
limited by these examples. 

Illustrative compounds of formula (I) 

c1145 (1) 



19 
4,897,340 

-continued 

Illustrative compounds of formula (I) 

CHZCIIHCHZSO3 " 
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3 -continued 

Illustrative compounds of formula (I) 

In formula (II), R6 signi?es a hydrogen atom, a lower Anions represented by X2~ may be the same as those 
alkyl group, or an aryl group. Illustrative lower alkyl given for X1— in relation to formula (I). 
groups include methyl, ethyl, propyl and butyl; an illus- Typical examples of the compound of formula (II) 
trative aryl group is phenyl. In formula (II), R4 and R5 are speci?cally listed below but it should be understood 
may be illustrated by those which are given for R1 and that the scope of the present invention is by no means 
R3 in connection with the description of formula (I). 45 limited by these examples. 

Illustrative compounds of formula (II): 
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Illustrative compounds of formula (II): 
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Illustrative compounds of formula (II): 

65 

In the case where R7 and R9 in formula (III) signi?es 
a lower alkyl group, it may be exempli?ed by methyl, 
ethyl, propyl, butyl, etc. Substituted alkyl groups as .R7 
and R9 may be the same as those given for R1 to R3 in 
connection with the description of formula (1). Lower 
alkyl groups as R3 and R10 may be the same as those 
given for R7 and R9. I-Iydroxyalkyl, sulfoalkyl and car 
boxyalkyl groups as R3 and R10 may be the same as 

those given for R1 to R3 in relation to formula (I). An 
ions represented by X3- may be the same as those given 
for X1- in relation to formula (I). 

Typical examples of the compound of formula (III) 
are speci?cally listed below but it should be understood 

15 that the scopeof the present invention is by no means 
limited by these examples. 

Illustrative compounds of formula (III): 
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The carbon ring completed by Z1 and Z; in each of 
the formulas (I) to (III) is preferably a substituted or 
unsubstituted benzene or naphthalene ring. 

Speci?c disclosure of the compounds of formulas (I) - 
to (III) is also found in Japanese Patent Application 
(OPI) No. 80237/ 1986 and any of the disclosed com 
pounds is preferably employed in the practice of the 
present invention. ' 

The compound of formula (I) or (II) or (III) is prefer 
ably added in a total amount of 10-900 mg per mole of 
silver halide, more preferably within the range of 
100-700 mg. The range of 150-600 mg is most prefera 
ble. 
The compounds of formulas (I) to (III) may be added 

at any stage of the production of a light-sensitive mate 
rial. For instance, they may be added either before, or 
during, or after chemical ripening at any time that pre 
cedes the coating operation. 

In order to prevent the occurrence of fogging or 
stabilize the photographic performance during manu 
facture, storage or processing of the light-sensitive ma 
terial of the present invention, various compounds may 
be incorporated in the photographic emulsion that is 
employed in light-sensitive silver halide emulsions. 
As will be described later in this speci?cation, the 

light-sensitive material of the present invention may 
contain ?lter dyes in hydrophilic colloidal layers; it may 
also contain water-soluble dyes for achieving various 
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purposes such as anti-irradiation and anti-halation. Such 
dyes may be used with mordants and illustrative mor 
dants are cationic polymers for the dyes. 
A protective layer is preferably used in the silver 

halide photographic material of the present invention. 
The protective layer is a layer formed of a hydrophilic 
colloid which may be selected from various types. The 
protective layer may be a single- or multi-layered. 
The silver halide photographic material of the pres 

ent invention may contain a matting and/or a leveling 
agent in either emulsion layers or in the protective 
layer, preferably in the protective layer (for details of 
the matting agent, see below). I 
The anti-foggant and stabilizer described above may 

be selected from among the following compounds: the 
pentazaindenes described in US. Pat Nos. 2,713,541, 
2,743,180 and 2,743,181; the tetrazaindenes described in 
US. Pat. Nos. 2,716,062, 2,444,607, 2,444,605, 
2,756,147, 2,835,581, 2,852,375, and Research Disclo 
sure No. 14851; the triazindenes described in US. Pat. 
No. 2,772,164; the azaindenes such as polymerized 
azaindenes described in Japanese Patent Application 
(OPI) No. 21 1 142/ 1982; quaternary onium salts such as 
the thiazolium salts described in US. Pat. Nos. 
2,131,038, 3,342,596 and 3,954,478, the pyrylium salt 
described in US. Pat. No. 3,148,067, and the phospho 










































